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Poverty and threat exposure (TE) predict deficits in emotion regulation (ER). Effective cognitive ER (i.e.,
reappraisal) may be supported by: (1) cognitive processes implicated in generating and implementing cognitive
reappraisal, supported by activation in brain regions involved in cognitive control (e.g., frontal, insular, and
parietal cortices) and (2) emotion processing and reactivity, involving identification, encoding, and maintenance
of emotional states and related variation in brain activity of regions involved in emotional reactivity (i.e.,
amygdala). Poverty is associated with deficits in cognitive control, and TE with alterations in emotion processing
and reactivity. Our goal was to identify dissociable emotional and cognitive pathways to ER deficits from poverty
and TE. Measures of cognitive ability, emotional processing and reactivity, ER, and neural activity during a
sadness ER task, were examined from a prospective longitudinal study of youth at risk for depression (n = 139).
Both cognitive ability and left anterior insula extending into the frontal operculum activity during a sadness
reappraisal task mediated the relationship between poverty and ER. Emotion processing/reactivity didn’t
mediate the relationship of TE to ER. Findings support a cognitive pathway from poverty to ER deficits. They also
underscore the importance of dissociating mechanisms contributing to ER impairments from adverse early
childhood experiences.

1. Introduction
One in five children in the US lives below the poverty line and be
tween one in eight and one in four experiences maltreatment including
threatening exposures like physical or sexual abuse (Finkelhor et al.,
2005, 2013; Koball and Jiang, 2018; Prevention, 2013). Poverty and
exposure to threat are associated with negative health consequences
throughout the lifetime (Arnow, 2004; McCrory et al., 2011; McLaughlin
et al., 2014, 2019). As such, it is imperative to understand the neural and
psychological mechanisms through which these experiences confer risk
for poor mental health outcomes.
Deficits in effective emotion regulation (ER) may be one mechanism
linking both childhood threat exposure (TE) and poverty with risk for
psychopathology (Buckner et al., 2003; Johnson et al., 2016; Kim et al.,
2013; Liberzon et al., 2015; Lipina and Evers, 2017; Palacios-Barrios and
Hanson, 2019). ER is the ability to influence the experience and
expression of emotion via both automatic and controlled processes
(Gross, 1998). Effective ER is a protective factor against poor health

outcomes such as early-onset psychopathology (Aldao et al., 2010; Troy
and Mauss, 2011; Yoo et al., 2006). Poverty and TE are both predictors
of deficits in ER (Feng et al., 2009; Kim et al., 2013; Kim and Cicchetti,
2010; Kim-Spoon et al., 2013; McLaughlin et al., 2015). Such findings
are salient in light of evidence that effective ER buffers against the
negative effects of early life adversities such as poverty and TE (Kim-
Spoon et al., 2013; Smith et al., 2014). For example, in threat exposed
youth, greater ER protected against psychopathology (Kim and Cic
chetti, 2010). There is also evidence that cognitive ER is associated with
less depression for lower socioeconomic status (SES) but not higher SES
individuals, suggesting that ER may be particularly beneficial for in
dividuals from lower SES (Troy et al., 2017).
Thus, interventions that bolster ER could reduce the risk for poor
health outcomes in youth exposed to adversity. Until recently, these
efforts have been stymied because the literature has lumped together
dissociable dimensions of childhood adversity (McLaughlin et al., 2014;
Sheridan and McLaughlin, 2014). However, according to the dimen
sional model of adversity and psychopathology, specific developmental
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mechanisms link different types of adversity with mental health out
comes and lumping together these dissociable dimensions of adversity
may mask distinct targets of intervention (McLaughlin et al., 2014;
Sheridan and McLaughlin, 2014).
We will examine two pathways by which poverty and maltreatment,
in the form of TE (i.e., exposure to events involving harm or threat of
harm to oneself and others), may confer risk for deficits in ER. One
potential pathway is from poverty to cognitive deficits that make it
difficult to implement cognitive control processes important for ER. A
second potential pathway is from TE to alterations in emotional pro
cessing and reactivity that make it challenging to modulate emotional
reactions. Importantly, we acknowledge that experiences of poverty and
TE may co-occur and have attempted to dissociate their effects. Thus, we
aim to identify mechanisms through which these early childhood ad
versities are related to deficits in ER.

enhance control over limbic regions during effective CER.
1.3. Threat exposure and ER: the role of altered emotional processing and
reactivity
Exposure to threat in childhood is associated with altered processing
of emotional stimuli (e.g., generalization of fear to neutral stimuli), and
heightened emotional reactivity (i.e., elevated emotional and neural
responses to emotional cues) (Lavi et al., 2019; Pine et al., 2005; Pollak
and Tolley-Schell, 2003). These effects are long-lasting; childhood TEs
are related to biased attention and increased emotional reactivity to
ward negatively-valanced emotional stimuli during childhood and
adulthood (Dannlowski et al., 2012, 2013; Iffland and Neuner, 2020;
McLaughlin et al., 2014, 2019; Pollak, 2008; Sheridan and McLaughlin,
2014). These alterations may be emotion-specific; some studies have
reported increased biased attention toward sad faces (Romens and
Pollak, 2012) and others have reported decreased attention to angry/
threatening stimuli (Pine et al., 2005). It is thought that for TE youth
these alterations in emotional reactivity and processing result from
insecure early attachments to caregivers that lead to alterations in the
encoding of emotional stimuli (Lavi et al., 2019), and that bias toward
emotional faces reflects elevated sensitivity to a range of potentially
informative emotional cues (Hein and Monk, 2017; McLaughlin et al.,
2015).
Neurally, there is robust evidence that threat-exposed youth have
heightened neural reactivity to negatively-valanced emotional stimuli in
brain regions that support emotional processing, such as the amygdala
(McLaughlin et al., 2014, 2019). In a meta-analysis, Hein found robust
evidence that childhood maltreatment (including physical and sexual
abuse) was associated with increased bilateral amygdala activation to
emotional faces in children and adults (Hein and Monk, 2017).
Greater activation in brain regions implicated in emotional reactivity
has been observed in threat-exposed youth during CER tasks. In contrast
to the blunted cortical activity reported in youth facing poverty,
McLaughlin et al. (2015) found maltreated youth had greater activation
in limbic brain regions related to emotional processing and reactivity
such as the putamen, thalamus, amygdala, and the insula (McLaughlin
et al., 2015); of note these youth also had lower parental education.
Together, these findings suggest that heightened emotional and limbic
activity to negative emotional stimuli may contribute to deficits in ER
among threat-exposed youth by making it more challenging for cogni
tive control processes to effectively downregulate emotion responses to
negative-affect eliciting stimuli.

1.1. The neural and behavioral underpinnings of ER
Effective ER, specifically cognitive reappraisal of emotion (CER),
requires the successful use and integration of cognitive and emotional
processes. Effective CER is supported by cognitive processes implicated
in generating, maintaining, and implementing a cognitive reframe, and
emotional processes implicated in appropriate emotion processing,
reactivity, and maintenance of one’s emotional state (Ochsner and
Gross, 2008). CER is supported by coordinated activation across brain
regions implicated in cognitive control and emotional processing (Buhle
et al., 2014; Ochsner and Gross, 2008). During effective CER, dorsal,
frontal, and cingulate regions are thought to enhance control over limbic
regions implicated in emotional processing (Buhle et al., 2014; Lopez
et al., 2018). This process is reflected in greater activation of the cortical
regions implicated in cognitive control (dorsal and ventral lateral pre
frontal cortex (dlPFC, vlPFC), medial frontal cortex (mFC), dorsal
anterior cingulate (dACC), and posterior parietal lobe), and reduced
activation in limbic regions implicated in emotional processing like the
amygdala (Buhle et al., 2014, 2014; Ochsner and Gross, 2008). Given
the coordinated nature of CER, deficits, or alterations in either cognitive
or emotional processing will impair effective ER.
1.2. Poverty and ER: the role of cognitive deficits
There is evidence that children from impoverished backgrounds have
alterations in the cognitive processes and related neural activity impli
cated in generating, maintaining, and implementing a cognitive reframe
(Merz et al., 2019; Noble et al., 2012, 2015). The effects of poverty on
cognitive ability can be seen as early as six-months old; low SES infants
demonstrate delays in cognitive flexibility (i.e., cognitive adaptation
important in modulating responses to stimuli) (Clearfield and Niman,
2012). Later in childhood and adulthood, poverty is related to reduced
executive function skills (Lipina and Evers, 2017), working memory
(Farah et al., 2006), and language abilities (Merz et al., 2019).
McLaughlin and colleagues suggest that youth reared in poverty may
have less cognitively complex and stimulating environments
(McLaughlin et al., 2014; Sheridan and McLaughlin, 2014) and that this
may be one mechanism through which poverty is associated with poorer
cognitive function and alterations in the neural circuits that support
cognitive performance (McLaughlin et al., 2014; Sheridan and
McLaughlin, 2014).
Importantly, youth facing poverty also demonstrate differences in
neural activation in cognitive control brain regions used in ER. Poverty
is associated with lower recruitment of left temporal regions during
language-related tasks and alterations in the recruitment of the pre
frontal cortex (Johnson et al., 2016). Further, lower family income
earlier in life predicts reduced activation in frontal/cortical regions such
as the dlPFC and vlPFC during ER (Kim et al., 2013; Liberzon et al.,
2015). Together, these results suggest that youth exposed to poverty
may have blunted activation in brain regions that are thought to

1.4. Separable paths to ER
The present study aimed to test the hypothesis that there are disso
ciable pathways to ER deficits in youth facing poverty versus threatexposed youth. We hypothesized that youth who have experienced
poverty will have lower activity in cognitive control regions during the
reappraisal of negative images. In contrast, we hypothesized that TE
youth would have heightened emotional reactivity, as reflected in
greater amygdala reactivity during both passive viewing and reappraisal
of negative images. To test these hypotheses we used an ER fMRI task in
which reactivity (viewing of negative images) and reappraisal (reap
praisal in response to negative images) are examined. We predicted that
the relationship between early poverty and ER deficits would be medi
ated by cognitive impairments and altered neural activity in cognitive
control regions. Further, we predicted that the relationship between TE
and ER deficits would be mediated by altered emotion processing and
reactivity, as reflected in less accurate labeling of negatively valanced
emotional stimuli and heightened amygdala neural activity (Fig. 1).
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Fig. 1. Hypothesized pathways to Emotion Regulation Deficits from Poverty and Threat Exposure.

2. Methods

data available at the time of scan four (ages 13.03–19.5, Mean = 16.31,
SD = 1.15) when the imaging measure of interest was administered.
Given the goals of the study, we focused our analysis on a subset of
adolescents from the 171 who had useable imaging data (N = 139) from
the most recently completed assessment and scan wave (T9/MRI 4, see
Fig. 2). Parents provided written informed consent, whereas children
gave either oral or written assent or consent (depending upon age)
following study description. Methods were reviewed and approved by
the Institutional Review Board at the Washington University School of
Medicine (IRB #201,502,094; PDS-III Imaging). Importantly, this proj
ect used data from an existing dataset and there were not always direct
assessments of all necessary constructs across all time points. As such,
we used data where it was available. We aimed to use the earliest
possible antecedents and latest possible outcomes for our constructs of
interest to best inform any enduring effects of early experience on later
outcomes. We will specify this information by assessment. Further,

2.1. Participants
Participants in this study were recruited as part of the Preschool
Depression Study (PDS), sampling procedures for which have been
previously described (Barch et al., 2016; Belden et al., 2014, 2015;
Elsayed et al., 2020; Lopez et al., 2018). Briefly, PDS is an ongoing
prospective longitudinal study examining the developmental trajec
tories of preschool-onset depression. Of note, the PDS oversampled for
preschoolers at risk for depression (Luby et al., 2009). All participants in
the study have between one and nine assessment waves and between one
and four scan waves (Fig. 2). There were 348 participants originally
recruited at baseline (ages 3.0–5.11, M = 4.55, SD = 0.81) as part of the
full data set, with 210 included at the first wave of imaging (ages
6.11–12.11, M = 10.13, SD = 1.25). From these 210, 171 had behavioral

Fig. 2. PDS timeline and data collection.
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Tables 1 and 2, and 4 provide the number of youth with data for each of
the measures.

from the parent and child reported Life Events Checklist (Gray et al.,
2004) at T9. The items asked about lifetime occurrence of physical abuse
or sexual abuse. TE was coded as a dichotomous variable with partici
pants considered threat-exposed if either the parent or child reported a
lifetime occurrence of either form of abuse.

2.2. Inclusion/exclusion from PDS
Participants were excluded from PDS if they had known develop
mental disabilities, had a diagnosis of autism, schizophrenia, Tourette’s
syndrome, experienced a major medical illness known or hypothesized
to affect the central nervous systems, a significant neurological illness,
were born at 36 weeks gestational age or less, were pregnant, had a
history of head injury or loss of consciousness greater than five minutes.
Subjects were excluded from the imaging portion if they had intra-ocular
metallic objects, cochlear implants, pacemakers, or other electrical,
mechanical, or magnet-activated implants or met any condition that
makes MRI unsafe such as having certain metals in the body, tattooed
eyeliner, or having non-removable piercings.

2.3.3. Emotion regulation
ER was assessed by both parent and child report at T9 (Fig. 2).
2.3.3.1. Parent report
2.3.3.1.1. Emotion Regulation Checklist (ERC). The ERC is a 24-item
parent-report questionnaire assessing youth’s intensity, lability, flexi
bility, and appropriateness of the child’s positive and negative emotion
regulation (Shields and Cicchetti, 1997). It has two subscales: emotion
regulation (a = .77, higher scores better regulation) and negative lability
(a = .77, higher scores worse dysregulation).
2.3.3.2. Child report
2.3.3.2.1. Children’s emotion management scale (CEMS). The CEMS
(a = .71) is a 30-item child-report questionnaire assessing the likelihood
of a child to engage in inhibition, dysregulated expression, or coping for
the emotions of anger, sadness, or worry (Zeman et al., 2001).
2.3.3.2.2. Cognitive Emotion Regulation Questionnaire – kid (CERQK). The CERQ-K (a = .88) is a 36-item child-report questionnaire
assessing children’s tendencies to engage in a variety of adaptive (i.e.,
Acceptance, Positive Refocusing, Refocus on Planning, Positive Reap
praisal, Putting it into Perspective) or maladaptive (i.e., Self-Blame,
Rumination, Catastrophizing, Other-Blame) ER strategies (Jermann
et al., 2006).
2.3.3.2.3. Child response style questionnaire (CRSQ). The CRSQ (a =
.82) is a 25-item self-report questionnaire assessing the ER strategies
youth use in response to sadness including scales for rumination,
distraction, and problem solving (Abela et al., 2000).

2.3. Materials and measures
2.3.1. Poverty
2.3.1.1. Income-to-needs ratio. Income-to-needs ratio was operational
ized as the caregiver-reported total family income divided by the federal
poverty level based on the number of people living in the household
(Barch et al., 2016). Data were available from up to 18 waves for each
child (Fig. 2). To compute a measure that best characterized early
childhood poverty, we entered all values into a multilevel model with
random intercept and slope and extracted the intercept and slope from
the model for each child to use in subsequent analyses. The final
multilevel model suggested that random effects of intercept and slope
were highly correlated (r = -0.79) and that there was not meaningful
variation across participants in the rate of change of income-to-needs
(random effect coefficient = 0.014), thus only the intercept was used
in the analyses described below.

2.3.3.3. ER factors. Principal component analyses (PCA) were per
formed on ER variables to reduce data dimensionality of the emotion
regulation data. Details have been previously described (Elsayed et al.,
2020). Briefly, a PCA of the ER data returned two factors. One

2.3.2. Exposure to threat
2.3.2.1. Life events checklist. TE was assessed using two lifetime items

Table 1
Association of Cognitive Ability and Emotion Processing and Reactivity to Income-to-Needs ratio and Threat Exposure for individuals with Neuroimaging Data.
Measure
Cognitive Measures
NIH Toolbox at T9
List Sort (Working Memory)
Pattern Comparison (Processing Speed)
Picture Sequence (Episodic Memory)
Picture Vocabulary (Language)
Flanker (Executive Function & Attention)
Kaufman Brief Intelligence Test (KBIT) at T7T8 IQ
Emotion Processing and Reactivity
Penn Emotion Differentiation at T7-T8
Correct Responses to Sad
Reaction Time for Correct responses to Sad
(ms)
Reaction Time for Incorrect responses to Sad
(ms)
FACES at T2
Correctly identified Sad Faces
Correctly identified Faces
Ratio of correct to incorrect for sad faces
FACES at T3
Correctly identified Sad Faces
Correctly identified Faces
Ratio of correct to incorrect for sad faces

N

Income to Needs
(r)

Threat Exposure (TE)
(r)

Income to Needs Controlling for TE
(r)

TE Controlling for Income to Needs
(r)

135
136
133
135
135
48

0.33**
− 0.06
0.17
0.49**
0.14
0.66**

0.04
− 0.04
− 0.15
− 0.11
− 0.02
− 0.18

0.39**
− 0.06
0.17
0.48**
0.15
0.65**

0.33
− 0.13
− 0.33
0.04
0.02
− 0.04

103
103

0.22
− 0.15

− 0.08
− 0.12

0.22
− 0.20

− 0.06
− 0.53

103

0.09

− 0.07

0.07

− 0.15

82
82
82

0.43***
0.60***
0.12

− 0.23
− 0.17
0.16

0.38***
0.55***
0.12

− 0.38
− 0.12
0.48

82
82
82

0.06
0.43***
0.06

− 0.11
− 0.15
0.07

0.04
0.39***
0.09

− 0.27
− 0.16
0.22

Abbreviations: TE = Threat Exposure, FDR corrected; ***p < .001, **p < .01, * p ≤ .05.
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as more general indices of the efficacy of emotion regulation versus the
use of specific skills (Elsayed et al., 2020).

Table 2
Associations between Income to Needs and Threat Exposure and activation
during reappraisal at T9/MRI4.
Region

X

Y

Z

Regions from Diekhof Meta-Analysis
L/R dorsomedial
− 6
16
58
PFC/ACC
L/R dorsomedial
2
32
44
PFC/ACC
L middle frontal
− 42
18
44
gyrus/inferior
frontal sulcus/
IFJ
L middle frontal
− 42
4
48
gyrus/inferior
frontal sulcus/
IFJ
R middle frontal
40
22
44
gyrus/inferior
frontal sulcus
L inferior frontal
− 50
30
− 10
gyrus/anterior
insula (1)
L inferior frontal
− 54
22
− 2
gyrus/anterior
insula (2)
L inferior frontal
− 52
42
− 6
gyrus/anterior
insula (3)
R inferior frontal
50
30
− 10
gyrus
L intraparietal
− 46
− 66
36
cortex
L intraparietal
− 42
− 56
38
cortex
L intraparietal
− 38
− 60
30
cortex
R intraparietal
50
− 58
42
cortex
L inferior
− 60
− 36
− 2
temporal sulcus
L anterior insula/
− 38
20
− 4
frontal
operculum
R anterior insula/
46
14
0
frontal
operculum
L/R VMPFC
6
40
− 22
L/R VMPFC
0
38
− 18
L middle temporal
− 64
− 4
− 22
gyrus
R front marginal
34
60
8
sulcus
R inferior frontal
60
26
6
gyrus
L ACC
− 8
28
28
Roy Amygdala
ROIS
Right
Centromedial
Amygdala
Left Centromedial
R basolateral
L basolateral
R superficial
L superficial

26

− 9

− 22
28
− 24
21
− 16

−
−
−
−
−

9
3
5
4
5

Beta for
Reappraisal
M (SE)

Income
to Needs
(r)

TE (r)

0.56 (0.03)

0.20*

− 0.11

0.31 (0.03)

0.09

− 0.03

0.23 (0.03)

0.14

− 0.08

0.32 (0.03)

0.22*

− 0.13

0.04 (0.02)

− 0.08

0.11

0.65 (0.04)

0.18*

− 0.11

0.57 (0.03)

0.20*

− 0.11

0.38 (0.02)

0.10

− 0.02

0.57 (0.04)

0.18*

− 0.08

0.06 (0.03)

0.03

0.09

0.09 (0.02)

0.04

0.03

0.05 (0.01)

0.06

0.04

− 0.08 (0.03)

− 0.08

0.08

0.24 (0.03)

0.16

− 0.07

0.49 (0.03)

0.28**

− 0.15

0.32 (0.03)

0.13

− 0.12

0.25 (0.03)
0.15 (0.03)
0.11 (0.01)

− 0.15
− 0.02
0.08

− 0.06
− 0.06
− 0.05

0.10 (0.03)

− 0.09

0.17

0.28 (0.02)

0.05

− 0.10

0.23 (0.02)

0.14

− 0.05

− 10

0.06 (0.01)

− 0.17+

0.02

12
26
28
16
20

0.02 (0.02)
0.09 (0.02)
0.07 (0.02)
0.13 (0.02)
0.19 (0.03)

− 0.05
0.01
0.004
0.05
0.02

0.05
− 0.06
− 0.10
− 0.14
0.03

−
−
−
−
−

2.3.4. Cognitive assessment
Youth completed the Kaufman Brief Intelligence Test twice during
the study at T7 (ages 9.2–14.10, M = 9.50, SD = 0.84) and T8 (ages
10.1–15.8, M = 10.17, SD = 0.89). The KBIT is a highly reliable measure
of IQ across the lifespan, with most estimates placing reliability in the
0.80 to 0.90 range (Bain and Jaspers, 2010). Youth also completed a
subset of the NIH Toolbox cognitive measures at T9 (Weintraub et al.,
2013) (Fig. 2). The age-corrected scores from each of the five task do
mains were examined for the NIH Toolbox, with higher scores indicating
better performance. Intraclass correlation coefficients NIH Toolbox have
ranged from 0.78 to 0.90 in previous literature (Weintraub et al., 2013).
2.3.4.1. Kaufman brief intelligence test (KBIT). The KBIT assesses verbal
and nonverbal intelligence (Kaufman, 1990). Average scores for the
verbal, non-verbal, and composite subscales from school age were
calculated by averaging scores from two-time points (T7, T8) during
childhood (Fig. 2).
2.3.4.2. Toolbox picture sequence memory test (TPSMT). The TPSMT was
used to assess episodic memory. Participants were presented with pic
tures depicting activities or events that could occur in a particular
setting (i.e., working on a farm) (Weintraub et al., 2013). After being
shown the pictures in order, the pictures appear in scrambled order on
the screen, and they attempt to arrange them in the correct order on the
screen. Participants are given multiple trials with the same set of
pictures.
2.3.4.3. Toolbox list sorting working memory test (TLSWMT). The
TLSWMT was used to assess working memory. Participants were pre
sented with a variant of the letter-number sequencing test uses pictures
rather than words or letters (Weintraub et al., 2013). Participants are
presented with a series of pictures of animals or foods of different sizes,
accompanied by the name presented auditorily by an iPad, and asked to
repeat the items back in order from smallest to largest. The TLSWMT
starts with a single category (i.e., animals). Participants are presented
with a two-item list, and if they get it correct, the next trial increases to
three items, and so on. Participants have two opportunities to provide a
correct answer at each list length and continue to the next length if they
get at least one of the trials correct. Participants then progress to the next
phase, where the trials interleave two different categories (i.e., animals
and food). The participant is asked to first organize and repeat back the
items for one category (i.e., animals) and then the other.
2.3.4.4. Toolbox flanker task (TFT). The TFT was used to assess selec
tive attention in participants and is a variant of the Eriksen Flanker task
(Eriksen and Eriksen, 1974) that was adapted from the Attention
Network Task (Fan et al., 2002; Rueda et al., 2004). There are four
flanking arrows (two on the outer left and two on the outer right) that
are all facing the same way, either left or right. The middle arrow is then
either facing the same way (congruent trial) or a different way (incon
gruent trial). Participants push a button to indicate whether the middle
arrow is facing left or right. Scoring is based both on speed and accuracy.
2.3.4.5. Toolbox pattern comparison processing speed test (TPCPST). The
TPCPTS was used to assess processing speed and was modeled on the
Pattern Comparison Task developed by Salthouse (Salthouse et al.,
1991). Participants are shown two pictures and asked to determine
whether the pictures are the same or not. The score is based on how
many items they can complete correctly in a specific amount of time.

FDR corrected; ***p < .001, **p < .01, * p ≤ .05,+ p = .05, coordinates are MNI.

corresponded to the youth’s tendencies to engage in ER skills thought to
be adaptive (i.e., tendency to engage in adaptive ER skills) and one to
skills thought to be maladaptive (i.e. tendency to engage in maladaptive
ER skills). Given the ERC scales did not specifically load onto either
factor, we also examined ERC negative lability and emotion regulation

2.3.4.6. Toolbox picture vocabulary task (TPVT). The TPVT was used to
assess verbal IQ and is a variant on the Peabody Picture Vocabulary Test
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(PPTV) (Gershon et al., 2014). Participants hear audio files of words and
are shown four pictures in a square, one that depicts the concept, idea, or
object referenced by the auditorily presented words. The participant is
asked to touch the picture that matches the word.

2.4.3. fMRI analyses
fMRI data were run through the Human Connectome Project mini
mal preprocessing pipelines (Barch et al., 2013; Glasser et al., 2013) (see
supplement). Neuroimaging data from 10 individuals were excluded
bringing the total neuroimaging sample size to 139. Of these 10 in
dividuals, four had missing information on one or more runs, three or
more had a root mean square values greater than 0.20 for more than two
run runs of the study, one had missing structural data, one had unusable
motion data, and one had a root mean square values greater than 0.20
for one run and missing data for another run.

2.3.5. Emotion processing and reactivity
Emotion processing and reactivity were assessed through two
different measures at different timepoints in childhood.
2.3.5.1. Penn emotion differentiation. Participants completed the
computerized 40-item version of the Penn Emotion Differentiation
averaged across both T7 and T8 to assess emotion recognition (Fig. 2)
(Erwin et al., 1992). The task involved selecting the more intense facial
expression of emotion based on 40 pairs of happy and sad faces shown
one pair at a time. We examined correct responses to sad faces. To assess
reactivity to sad faces, we also examined reaction time for responding to
sad faces. This task has been used before with acceptable reliability
(Moore et al., 2015).

2.4.4. Statistical analyses of brain
We computed general linear models (GLM) for each individual using
an event-related design analysis in AFNI. We estimated the hemody
namic response function for each condition (i.e., view sad, view neutral,
reappraise sad) and for the rating period (not examined, but used to
account for variance appropriately). Within the GLM, a hemodynamic
response shape was assumed using an eight-second boxcar function
convolved with a hemodynamic response function. This produced
parameter estimates for each stimulus type relative to baseline fixation;
these estimates were used in all subsequent statistical analyses. These
individual-level estimates of blood oxygen level-dependent (BOLD) ac
tivity for each condition were submitted to group-level random-effects
models.
We analyzed the data in two ways. First, we used nested models
(nested within an individual) with BOLD response as the dependent
variable, condition as a factor (view neutral, view sad, reappraise sad),
and either poverty or TE as continuous predictors and examined in
teractions between condition and either poverty or TE (Table S3). When
there were significant interactions, we followed up with posthoc tests
that examined the relationships of either poverty or TE with each of the
individual conditions to determine the source of the interaction
(Table S4). As can be seen in Table S3, maltreatment was not associated
with neural activity.
Second, we examined the relationships of poverty and TE to standard
contrasts of conditions (i.e., view sad > neutral trials, reappraise sad >
view sad, reappraise sad > view neutral). When significant (Table S5),
we conducted follow up analyses to examine which condition(s)
continued to show a significant association with poverty and/or TE
(supplemental results) (Belden et al., 2014, 2015). An examination of
both of these sets of results indicated that all but one of the significant
relationships were being driven by associations to activity during the
reappraise sad condition (Table S3, S4, supplemental text). Thus to
simplify presentation of the findings, below we present results from only
associations to the reappraise sad condition. Importantly to identify
which brain regions to include in subsequent analyses we examined
results from both the posthoc analyses (Table S4) as well as correlations
between income-to-needs and neural activation during reappraisal as
indicated by the posthoc analyses (Table 3). Ultimately given the simi
larity of the results we examined brain regions that significantly corre
lated with income-to-needs (Table 3).

2.3.5.2. Facial affect comprehension evaluation (FACES). The FACES is a
38-item task that assesses the child’s ability to recognize and verbally
label seven different emotions from facial expressions and was admin
istered at T1, T2, T3 (Fig. 2) (Mrakotsky and Luby, 2000). Stimuli
consisted of 38 colour photographs of male and female adults and
children displaying seven different emotions (i.e., happiness, sadness,
anger, fear, surprise, disgust, and shame). The child received one point
for every correct emotion. Each emotion is treated as its own subscale by
summing together all items probing for that emotion. We calculated the
correct number of responses for sad faces and the correct number of
responses to all faces. To assess reactivity to sad faces, we also calculated
a ratio of correct to incorrect responses for sad faces at T2 and T3 (Fig. 2
and Table 1).
2.4. Brain analyses
2.4.1. Task explanation
A version of this task has been described in detail elsewhere (Belden
et al., 2014, 2015). Briefly, following the pre-scan training procedure to
ensure that children understood how to use reappraisal in response to
negative stimuli children were instructed to either passively view sad or
neutral images, or to decrease their experience of negative emotions in
response to viewing sad images. They were taught to do this using
cognitive reappraisal strategies like imagining a good outcome to the
image. At the start of each trial, participants fixated on a cross for 500
milliseconds (ms). Following, participants were told to either view or try
to decrease their experienced emotion for 2000 ms. Finally, participants
were presented with a photo (i.e., neutral or sad) for an 8000 ms in
terval. Following each picture, children were prompted to answer the
question, “How do you feel?”. Children had four seconds to rate their
negative affect on a scale from one to four. Responses were made on a
four-button box (see supplemental results for details). After the
affect-rating period, the word “RELAX” appeared on the screen for four
to eight seconds. The combination of neutral and sad photographs with
just view versus regulate instructions resulted in three conditions: view
neutral (non-emotional photo), view sad (sadness without reappraisal)
and reappraise sad (reappraise while viewing a sad photo).

2.4.5. Whole brain analyses to establish task validity
To establish that the task conditions elicited the expected brain ac
tivity based on previous studies, we conducted whole-brain voxel-byvoxel analyses, using the ANOVA models described above, with a cor
rected whole-brain false-positive rate of p < .05 (voxel-level p-value =
.005 and cluster size of 93) (Supplement Tables S12-S14).

2.4.2. Image acquisition
Data were collected on a Siemens PRISMA 3 T scanner with a 32channel head coil. Participants completed T1- and T2-weighted struc
tural scans (0.8 mm (mm)3) in addition to approximately 19 min of taskbased blood level-dependent (BOLD) scanning across four scans. Taskbased scans were acquired using a T2*-weighted multiband EPI
sequence (Multiband [MB] = 7, 72 axial slices per volume, 2.4 mm
isotropic voxels, TE = 33.1 ms, TR = 720 ms, FOV = 216 mm, flip = 52˚).

2.4.6. A priori ROI analyses
To test the hypothesis regarding localized functional changes we
used ROI analyses. We used bilateral ROIs for three subdivisions of the
amygdala, namely, centromedial, laterobasal, and superficial, from Roy
et al. (Roy et al., 2009) (Table 3). For cognitive control regions, we
focused on the regions implicated in cognitive down-regulation of
negative emotion from a meta-analysis (Diekhof et al., 2011) (Table 3).
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comparisons using FDR correction at p < .05 across the class of medi
ators (i.e., neural, cognitive, or emotional).
After identifying which mediators correlated with either income-toneeds or TE, we moved onto conducting mediations with lavaan 0.6–7
(Rosseel, 2012) in R with 1000 bootstrapped standard errors and biascorrected 95 % confidence intervals. When p-values and bias corrected
95 % confidence intervals differed (due to the nature of the resampling
process), we chose to use p-values to identify significant effects as Type I
error is found to be somewhat high for bias-corrected bootstrapped
confidence intervals in the context of indirect effects (Biesanz et al.,
2010) and in order to be most conservative with our results. Of note,
each of these mediations were conducted using only the cognitive and
neural variables that were significantly related to both income-to-needs
and ER, because no mediators were found to be associated to TE.
Therefore, the cognitive variables included in the mediation analyses
were the NIH picture vocabulary and the KBIT total IQ (Table 1); the
neural variables were left dmPFC (LDMPFC), left anterior insula (LAI),
left anterior insula frontal operculum (LAI – frontal operculum), left
middle frontal gyri (LMFG), and right inferior frontal gyrus (RIFG) BOLD
signal to reappraisal (Table 2); the ER variables were the ERC ER, ERC
Lability/Negativity, Adaptive ER strategies (Table 3).
Each of these mediations were done in three steps. First, we evalu
ated mediations from income-to-needs to ER via cognitive variables
(Table 5). This enabled us to directly test the hypothesis that cognitive
impairments would mediate the relationship between early poverty and
ER deficits. Second, we evaluated mediations from income-to-needs to
ER via just neural correlates of ER (Table 6). This enabled us to directly
test the hypothesis that altered neural activity in cognitive control re
gions would mediate the relationship between early poverty and ER
deficits. This resulted in four mediations with cognitive variables, and
eleven mediations with neural variables.
Finally, we evaluated multiple mediations from income-to-needs to
ER from both cognitive and neural measures simultaneously (Tables 7
and 8). We only conducted multiple mediation in cases when the
cognitive and neural variables were related to one another (Table S8).
This resulted in four total tests of multiple mediation. All multiple me
diations were conducted in Mplus with 1000 bootstrapped standard
errors and confidence intervals (Muthén & Muthén, 2010) and included
sex and age as covariates for both the direct and indirect paths. Except
for mediations using the KBIT total IQ score, all mediations were crosssectional in nature. We did not correct for multiple comparisons in the

Table 3
Emotional Regulation Measures Relationship to Poverty and Threat Exposure.
Measure

N

Income
to Needs
(r)

TE (r)

Income to
Needs
Controlling
for TE (r)

TE
Controlling
for Income to
Needs (r)

0.29**

− 0.56*

− 0.26*

0.81*

− 0.17

0.20*

− 0.30

0.24*

− 0.10

0.57*

Emotion Regulation Checklist (ERC) at T9
Emotion
137
0.36 ***
− 0.26*
Regulation
Lability/
137
− 0.31*
0.33**
Negativity
Emotion Regulation Factors at T9
Tendency to
137
0.26**
Engage in
Adaptive ER
strategies
Tendency to
137
− 0.16
Engage in
Maladaptive
ER strategies

Abbreviations: ER = Emotion Regulation, TE = Threat Exposure; FDR corrected;
***p < .001, **p < .01, * p ≤ .05.

We used the published MNI coordinates to create spherical ROIs that
were 10 mm in diameter. Beta values from each ROI were extracted for
each participant and entered into analyses described below.
2.4.7. Analytical procedures
To test the hypothesis that cognitive impairments and altered neural
activity in cognitive control regions mediate the relationship between
early poverty (operationalized as income-to-needs) and ER deficits, and
to test the hypothesis that altered emotion processing and reactivity
would mediate the relationship between TE and ER deficits, we began
first by ensuring that proposed mediators correlated with both incometo-needs and TE (Table 1,2). To do this we used correlations (pointbiserial for threat exposure and Pearson’s for income-to-needs) with
each of the proposed emotional, cognitive and neural mediators
(Table 1, Table 2). In our second step we examined whether income-toneeds was associated with our proposed ER outcomes (Table 3). In our
third step, we examined if mediators, found to found to be related to
income-to-needs, correlated with measures of self-or-parent-reported ER
(Table 4). For each of these sets of tests, we corrected for multiple

Table 4
Relationships between Cognitive and Processing and Reactivity Variables with Emotion Regulation.
Measure
Cognitive Measures
NIH Toolbox - List Sort (Working Memory)
at T9
NIH Toolbox - Picture Vocabulary
(Language) at T9
Kaufman Brief Intelligence Test (KBIT) – IQ
at T7 – T8
Emotion Processing and Reactivity
FACES – Correctly identified Sad Faces at
T2
FACES – Correctly identified Faces at T2
Brain Activation During Reappraisal
L/R dorsomedial PFC/ACC
L middle frontal gyrus/inferior frontal
sulcus/IFJ
L inferior frontal gyrus/anterior insula (2)
L inferior frontal gyrus/anterior insula (3)
R inferior frontal gyrus
L anterior insula/frontal operculum

N

ERC: Emotion Regulation
at T9

ERC: Lability/ Negativity at
T9 (r)

Adaptive Emotion
Regulation (r)

Maladaptive Emotion
Regulation (r)

135

0.10

− 0.10

0.04

− 0.02

135

0.34***

− 0.34**

0.10

− 0.01

48

0.36*

− 0.35*

0.26

− 0.10

110

0.12

− 0.27*

0.13

− 0.12

110

0.26*

− 0.39***

0.13

− 0.14

137
137

0.23*
0.27**

− 0.21*
− 0.27**

0.19
0.12

− 0.16
− 0.11

137
137
137
137

0.34***
0.37***
0.23*
0.36***

−
−
−
−

0.15
0.16
0.16
0.25**

−
−
−
−

0.21*
0.23*
0.21*
0.24*

Abbreviations: ERC = Emotion Regulation Checklist, TE = Threat Exposure; FDR corrected; ***p < .001, **p < .01, * p ≤ .05.
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Table 5
Direct and Indirect pathway from income to needs ratio to deficits in emotion regulation from cognitive measures.
Direct Effect

Indirect Effect
z

CI

p

ß (se)

z

CI

p

NIH Picture Vocabulary (Language) at T9
ERC: Emotion Regulation
0.98 (0.44)
ERC: Lability/ Negativity
− 1.45 (0.76)

ß (se)

2.22
− 3.31

0.09, 1.85
− 2.94, 0.09

0.03
0.05

0.50 (0.23)
− 0.88 (0.42)

2.18
− 2.09

0.11, 1.03
− 1.86, − 0.21

0.03*
0.04*

Kaufman Brief Intelligence Test at T7 and T8
ERC: Emotion Regulation
0.17 (0.81)
ERC: Lability/ Negativity
0.17 (0.78)

0.21
0.22

− 1.60, 1.61
− 1.43, 1.66

0.83
0.83

0.95 (0.65)
0.95 (0.61)

1.48
1.58

− 0.15, 2.43
− 0.10, 2.34

0.14
0.12

Abbreviations: ERC = Emotion Regulation Checklist; ***p < .001, **p < .01, * p ≤ .05.
Table 6
Direct and Indirect pathway from income to needs ratio to deficits in emotion regulation from Neural Activation during Reappraise Sad.
Direct Effect (with mediators in model)
ß (se)

Indirect Effect (mediation)

z

CI

p

ß (se)

z

CI

p

4.44
− 3.33

0.77, 1.95
− 3.23, − 0.85

<0.001**
0.001**

0.14 (0.08)
− 0.21 (0.15)

1.69
− 1.4

0.01, 0.32
− 0.55, 0.02

0.091
0.161

L middle frontal gyrus/inferior frontal sulcus/IFJ (¡42, 4, 48)
ERC: Emotion Regulation
1.33 (0.31)
4.27
ERC: Lability/Negativity
− 1.90 (0.61)
− 3.14

0.72, 1.90
− 3.14, − 0.71

<0.001**
0.002**

0.19 (0.10)
− 0.32 (0.19)

1.95
− 1.74

0.04, 0.42
− 0.74, − 0.06

0.051
0.083

3.81
− 3.03

0.61 (1.86)
− 3.43, − 0.72

<0.001**
0.002**

0.25 (0.13)
− 0.26 (0.18)

1.9
− 1.4

0.04, 0.54
− 0.70, − 0.01

0.051
0.16

4.14
− 3.24

0.68, 1.87
− 3.26, − 0.85

<0.001**
0.001**

0.22 (0.12)
− 0.21 (0.17)

1.76
− 1.27

0.03, 0.52
− 0.61, 0.01

0.079
0.205

4.3
− 3.34

0.72, 1.98
− 3.20, − 0.85

<0.001**
0.001**

0.13 (0.09)
− 0.21 (0.17)

1.46
− 1.22

− 0.001, 0.34
− 0.62, 0.02

0.14
0.22

Left anterior insula/ frontal operculum activity (-38, 20, -4)
ERC: Emotion Regulation
1.19 (0.31)
3.85
ERC: Lability/Negativity
− 1.88 (0.63)
− 2.99
Adaptative Emotion Regulation
0.19 (0.07)
2.84

0.57, 1.76
− 3.13, − 0.68
0.05, 0.33

<0.001**
0.003**
0.005**

0.33 (0.13)
− 0.34 (0.18)
0.05 (0.02)

2.57
− 1.9
2.02

0.13, 0.63
− 0.73, − 0.05
0.01, 0.10

0.010*
0.058
0.043*

L/R dorsomedial PFC/ACC (-6, 16, 58)
ERC: Emotion Regulation
1.37 (0.31)
ERC: Lability/Negativity
− 2.01 (0.61)

L inferior frontal gyrus/anterior insula (-54, 22, -2)
ERC: Emotion Regulation
1.23 (0.32)
ERC: Lability/Negativity
− 2.07 (0.68)
L inferior frontal gyrus/anterior insula (-50, 30, -10)
ERC: Emotion Regulation
1.30 (0.31)
ERC: Lability/Negativity
− 2.01 (0.62)
R inferior frontal gyrus (50, 30, -10)
ERC: Emotion Regulation
1.39 (0.32)
ERC: Lability/Negativity
− 2.02 (0.60)

***p < .001, **p < .01, * p ≤ .05.
Table 7
Direct and Indirect Pathway from Language ability and Anterior Insula Frontal
Operculum (-38, 20, -4) activity to Emotion Regulation.
Direct Effect (with mediators in
model)

Indirect Effect (mediation)

β (S.E.)

β (S.E)

CI

p

ERC: Lability/Negativity
Income to Needs -> Language Ability
Income to Needs -> Left Anterior Insula Frontal
Operculum
Income to needs -> Language Ability -> Left
Anterior Insula
Income to
− 0.15
− 0.31,0.01
0.13
Needs
(0.10)
ERC: Emotion Regulation
Income to Needs -> Language Ability
Income to Needs -> Left Anterior Insula
Frontal Operculum
Income to needs -> Language Ability -> Left
Anterior Insula Frontal Operculum
Income to
0.18
0.02, 0.34
0.06
Needs
(0.10)

CI

Table 8
Direct and Indirect Pathway from Language ability and Left Middle Frontal
Gyrus (-42, 4, 48) activity to Emotion Regulation.

p

Direct Effect (with mediators
in model)

Indirect Effect (mediation)

β (S.E.)

β (S.E)

CI

p

¡0.11
(0.05)
− 0.03
(0.02)
− 0.02
(0.01)
− 0.15
(0.06)

¡0.19,
¡0.02
− 0.06,
0.01
− 0.03,
0.00
− 0.24,
− 0.06

0.048*

0.10
(0.06)
0.02
(0.02)
0.02
(0.01)
0.13
(0.06)

0.01, 0.19

0.08

− 0.01,
0.06
− 0.00,
0.03
0.05, 0.22

0.20

CI

p

¡0.12
(0.06)
− 0.04
(0.02)
− 0.01
(0.01)

¡0.20,
¡0.03
− 0.08,
0.00
− 0.02,
0.01

0.03

ERC: Lability/Negativity
Income to Needs -> Language Ability

0.10

Income to Needs -> Left Middle Frontal Gyrus

0.57

Income to needs -> Language Ability -> Left
Middle Frontal Gyrus
Income to
− 0.16
− 0.32,
0.08
Needs
(0.10)
-0.01

0.10
(0.05) *
0.07
(0.03) *
0.01
(0.01)

0.02,
0.19
0.02,
0.12
− 0.01,
0.03

0.047

ERC: Emotion Regulation
Income to Needs -> Language Ability

0.03

Income to Needs -> Left Middle Frontal Gyrus

0.53

Income to needs -> Language Ability -> Left
Middle Frontal Gyrus
Income to
0.22
0.06,
0.02
Needs
(0.10)
0.38

***p < .001, **p < .01, * p ≤ .05.

***p < .001, * *p < .01, * p ≤ .05.
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multiple mediations as we had taken an extremely conservative
approach in identifying potential mediators and corrected for multiple
comparisons in every step prior (i.e., when identifying variables related
to income-to-needs, when examining associations between income-toneeds and mediators, when examining relationships between income
to needs and outcomes variables).

3.6. Relationship between income-to-Needs, TE, and emotion regulation
As hypothesized, higher income-to-needs predicted higher positive
successful emotion regulation on the ERC, lower levels of dysregulated
lability on the ERC Lability/Negativity subscale, and higher tendency to
engage in adaptive ER skills; all of these results remained significant
after accounting for the influence of TE (Table 3). TE was associated
with less successful ER on the ERC, higher ERC dysregulated negative
affect, and a greater tendency to engage in more maladaptive ER skills.
These associations also remained significant after controlling for
income-to-needs (Table 2).

3. Results
3.1. Demographic characteristics
Youth with or without imaging data did not differ in sex, ethnicity,
age at T1, T2 or T3, in the prevalence of TE or income-to-needs ratio
(Table S1). At T9/MRI4, youth who had imaging data were slightly older
than youth who did not have imaging data (Table S1).

3.7. Relationship between mediators (Neural activity, cognitive ability,
emotion processing) and emotion regulation
The analyses described above provided evidence as to which cogni
tive, emotion reactivity, emotion regulation, and neural activation
measures were related to income-to-needs and/or TE. We next asked
whether any of the potential mediators (i.e., cognitive, emotional, or
neural) that were related to either income-to-needs or TE were also
related to any of the ER measures also shown to be related to income-toneeds or TE. As shown in Table 4, both better language ability at T9/
MRI4 and higher IQ in childhood were related to better emotion regu
lation and less lability on the ERC. Higher correct identification of sad
faces in early childhood was related to less lability on the ERC, and
overall better identification of facial emotion was related to both better
emotion regulation and reduced lability on the ERC. Further, activation
during reappraisal in all of the brain regions, related to income-to-needs,
were also related to better ER and less lability on the ERC. Further,
activation in the LAI-frontal operculum was associated with higher
adaptive ER skills. In examining which mediators where related to each
other, we found that activation in the LMFG and LAI-frontal operculum
during reappraise sad were related to greater better language ability at
T9/MRI4 (Table S8).

3.2. Prevalence of early childhood adversity
In this sample, 23.74 % of the sample had an intercept of poverty that
was at or below the poverty line, 17.27 % were within two times the
poverty line and the remainder (57.1 %) were above these cut-offs.
Twenty youth endorsed an experience of physical or sexual abuse.
3.3. ER fMRI task validation
ROI analyses results were consistent with previous work from our
group using this task(Belden et al., 2014, 2015) and with the
meta-analysis results (Diekhof et al., 2011), showing significantly
greater activation in the CER portion of the task as compared to passive
viewing conditions in the vast majority of cortical regions (Table S5).
Further, whole-brain voxel-by-voxel analyses results showed a similar
pattern, including greater activation of the during the reappraise sad as
compared to passive viewing condition across a host of cognitive control
regions (supplemental results, Tables S12-S14).

3.8. Testing mediations
3.8.1. Cognition as a mediator between income-to-needs and ER
Language ability at the time of scan partially mediated the rela
tionship from higher income-to-needs to less lability on the ERC, with a
similar finding for better ER on the ERC (Table 5). Correlations revealed
that income-to-needs was related to measures of emotional reactivity,
although this was not predicted. Thus an exploratory approach was
taken, and we examined if the relationship between income-to-needs
and some indices of ER were mediated by emotional reactivity
(Tables S9-S11). We did find some evidence that facial recognition
during early childhood mediated the relationship between income-toneeds and lability on the ERC. These were not tested in the multiple
mediations because emotion variables did not correlate with neural
activity during the CER task.

3.4. The relationship among income to needs, TE, and potential mediators
3.4.1. Income-to-needs and cognitive abilities
As predicted, higher income-to-needs was related to greater working
memory ability at T9/MRI4, enhanced language ability at T9/MRI4, and
higher total IQ during early adolescence (Table 1), with these associa
tions remaining when controlling for threat exposures. Threat exposures
were not associated with any indices of cognitive ability (Table 1).
3.4.2. TE and emotion processing and reactivity
Contrary to prediction, TE was not related to any measure of emotion
processing or reactivity. However, higher income-to-needs was related
to greater ability to differentiate sad faces from other emotional faces
during early or late childhood and overall correct facial emotion iden
tification, even after controlling for the influence of TE (Table 1,
Table S2).

3.8.2. Neural activity as a mediator between income-to-Needs and ER
As shown in Table 6, activity in the LAI-frontal operculum during
reappraisal of sad images partially mediated the relationship between
income-to-needs and ERC ER. Activity in the LAI-frontal operculum
during reappraisal of sad images also mediated the relationship between
income-to-needs and tendency to engage in more adaptive ER skills,
with a similar trend for both the left anterior insula and the left middle
frontal gyrus. There were no significant mediations by brain activity for
the relationship between income-to-needs and ERC lability, though
there was a trend for both the left middle frontal gyrus and left anterior
insula - frontal operculum.

3.5. Relationships of income-to-needs and TE to neural activity during ER
task
ROI analyses revealed that there was no association between TE or
income-to-needs with activation while passively viewing neutral photos
(Tables S4, S6) or passively viewing sad images (Table S7). However,
greater income-to-needs was associated with greater activation in
cortical brain regions (LDMPFC, LMFG, RIFG, LAI, LAI-frontal opercu
lum), but not in the amygdala, during reappraisal of sad images (Table 2,
Table S4). TE was not related to activation in any brain regions during
reappraisal of sad images (Table 2, Table S3).
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3.9. Testing multiple mediation: cognition and neural variables as additive
mediators between income to needs and emotion regulation

was related to a reduced ability to correctly identify sad and emotional
faces in childhood. We did, however, find evidence that poverty was
related to reduced ability to correctly identify sad and emotional faces in
childhood.
We found that poverty, but not TE, was related to reduced recruit
ment of cortical regions (i.e., LDMPFC, LAI, LAI-FO, RIFG, LMFG) during
reappraisal of sad images. With regard to activation in brain regions
typically associated with cognitive control, our results mirrored those
obtained from the cognitive measures. More explicitly, we found that
greater recruitment of cortical regions (LDMPFC, LMFG, RIFG, LAI, LAIfrontal operculum) during reappraisal of sad images was associated with
enhanced parent-reported ER. We also found that increased activation in
the LAI extending to the frontal opercula of the insula during reappraisal
of sad stimuli was related to enhanced child-reported tendency to
engage in adaptive ER strategies in the sample. These findings are
consistent with previous literature, which reports that in the contrast of
reappraisal vs. maintain, lower family income at age nine predicted
reduced activation in the insula (Kim et al., 2013). It is worth noting that
our neural activation in this paper is measured during purely reappraise
and not during the standard contrast of reappraise sad > view sad or
view neutral. Our reasoning for why our analyses were done this way
can be found in statistical analyses of brain section above and reflects
that there is something about the cognitive demands of reappraisal,
specifically, and not of looking at rich complex or emotional stimuli that
differs as a function of childhood poverty.
Furthermore, this finding adds support for the role of the dorsal
anterior insula in high-level cognitive and attentional processes (Nelson
et al., 2010), as compared to more posterior or ventral portions of the
insula that may be more involved in affective integration. Our results
might seem to contrast with results that TE is related to greater insula
activity (McLaughlin et al., 2014), and increased insula response among
impoverished children (Liberzon et al., 2015). However, both
Mclaughlin and Liberzon’s results were in a more ventral/posterior
insula region and thus may reflect a different function than the one
captured by our more dorsal anterior insula findings. Our results also
provide further support for the conceptualization of this slightly less
dorsal and anterior portion of the insula spanning into the adjacent
inferior frontal operculum in interoception-related activities and sup
ports it’s engagement in activities such as rating or observing one’s own
internal state (Zaki et al., 2012), like what would be required during
active ER.
Importantly, we found that lower activation in some of these cortical
regions (LAI-frontal operculum, LMFG) was also related to lower lan
guage ability, lower parent-reported ER ability, and more poverty. These
results are consistent with previous findings of lower frontal recruitment
during reappraisal in individuals with lower income-to-needs(Kim et al.,
2013). Failure of amygdala regulation by cortical regions may explain

3.9.1. Language ability and left anterior insula frontal operculum as
mediators to emotion regulation
As shown in Table 7, language ability was again the only significant
indirect path mediating the relationship between income-to-needs and
ERC lability. However, both language ability and left anterior insulafrontal operculum activity were significant independent indirect medi
ators of the relationships between income-to-needs and ERC ER; the
serial indirect pathway from language ability through brain activity was
not significant.
3.9.2. Language ability and middle frontal gyrus activity as mediators to
emotion regulation
As shown in Table 8, similar to the results above, the only significant
mediator in the path from income-to-needs to either ERC lability or ER
was through language ability, with no significant indirect effects
involving inferior frontal gyrus once language ability was in the model
(Table 8, Fig. 3).
4. Discussion
The goal of the current study was to dissociate two potential path
ways to ER deficits: one via cognitive processing among impoverished
youth and one via emotional processing and reactivity in threat-exposed
youth. The current findings provide novel evidence supporting a
pathway involving impaired cognitive processing (decreased language
ability) as well as blunted neural activation in the left anterior insula
which extends into the adjacent inferior frontal operculum (LAI frontal
operculum), during cognitive reappraisal, as independent putative
mechanisms through which poverty is associated with decreased ER
ability.
Consistent with our hypotheses, we found that lower income-toneeds and TE were both related to deficits in ER, particularly deficits
in adaptive ER and managing lability. With regard to cognitive control
and emotional reactivity, as hypothesized, greater language ability,
higher total IQ in adolescence, and increased ability to correctly identify
emotional faces in early childhood were all positively related to
enhanced parent-reported ability to engage in positive ER and decreased
child lability. Further, in support of our hypotheses, we found that
poverty, but not TE, was related to reduced cognitive ability in the do
mains of working memory, language ability, and total IQ in early
adolescence. These findings are consistent with evidence that poverty is
related to deficits across a host of cognitive domains, especially in
working memory and language ability (Noble et al., 2007; Raizada and
Kishiyama, 2010). Contrary to our hypothesis we did not find that TE

Fig. 3. Mechanisms mediating the relationship between Poverty and Emotion Regulation.
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the relationship between reduced activation of regions involved in
cognitive control and ER ability(Kim et al., 2013). We did not find evi
dence for increased amygdala activity associated with lower
income-to-needs but did find reduced activation of cognitive regions. As
such, emotion regulation deficits in impoverished youth may be related
to dampened recruitment of cognitive resources that may not necessarily
reflect a failure of amygdala regulation, as seen in previous work (Kim
et al., 2013). Notably, the stimuli in our task were of sad images, but we
anticipate that greater income would predict enhanced recruitment of
cognitive control regions across negative emotions because regions such
as the LDMPFC, LMFG, LAI, and LAI-frontal operculum function for
general cognitive control and not in response to specific emotions
(Ochsner et al., 2004; Ochsner and Gross, 2008).
Contrary to our hypotheses, we found no evidence that TE was
related to heightened activity in brain regions implicated in a) emotional
reactivity to sad images, b) processing during reappraisal of sad images,
or c) during passive viewing of sad images. These findings are contrary
to a robust literature demonstrating heightened reactivity to arousing
negative emotions (e.g., disgust and fear) in multiple salience network
nodes among threat-exposed youth (Dannlowski et al., 2012; Hein and
Monk, 2017; McLaughlin et al., 2014, 2015). However, these findings
must be carefully interpreted as only 20 individuals in this sample re
ported TE, and a posthoc power analysis revealed low power to identify
effects of TE on emotional phenomena. Further, it is important to
consider that our regulation task involved sadness. Sadness is a low
arousal negative emotion that does not contain directly relevant infor
mation about novel threats in the same way as high arousing negative
emotions such as disgust and fear (Belden et al., 2014). Thus, a lack of
heightened reactivity to sad images in TE youth in this sample could
suggest that TE might confer specific risks to ER deficits to highly salient
fearful, threatening faces. This may not be the case for less arousing
emotional faces such as sadness, that may contain less information about
potential threats in the environment. Such a hypothesis is consistent
with findings that TE individuals show no difference in activation to
viewing sad images when compared to non-maltreated individuals (Hart
et al., 2018).
Our mediation analyses also provided evidence consistent with our
hypotheses about cognitive pathways contributing to the relationship
between poverty and ER deficits. We found that lower language ability,
as well as lower activation in the LAI extending into the frontal oper
culum during reappraisal, partially mediated the relationship between
poverty and greater parent-reported lability. These also partially medi
ated the relationship between poverty and poorer parent-reported
emotion regulation ability. These findings are interesting in light of
work by Noble et al. that suggests that language ability mediates the
association between SES and executive function (Noble et al., 2005) and
between SES and visuospatial skills, memory, and working memory
(Noble et al., 2012). This supports the proposition that language skill
predicts childhood emotional and behavioral problems, and that this
relationship may be mediated by children’s self-regulation and emotion
understanding skills (Salmon et al., 2016). Furthermore, language
ability may be particularly important in the process of emotion regula
tion (Cole et al., 2010), potentially by contributing to specific functions
such as self-monitoring or verbal reappraisal.
Concerning the anterior insula, our findings converge with Silver
man and colleagues report that low SES individuals show lower activity
in the insula in anticipation of unpleasant stimuli (Silverman et al.,
2009). Silverman et al. relate their findings to results that individuals
with PTSD similarly show lower activity in the insula in anticipation of
an unpleasant stimulus. They speculate that poverty is a chronic stressor
and offer the idea that the reduction in anterior insula activity may
reflect a failure to engage in internal preparation for upcoming negative
stimuli (Silverman et al., 2009; Simmons, 2011). Together, our findings
that income-to-needs predicts emotional lability as well poor ER ability,
and that this is mediated by reduced activation of the LAI during reap
praisal, may indicate that impoverished youth fail to engage internal

preparation processes that afford adequate reactions to unpleasant
events.
Limitations of the current study include that the original study
sample was oversampled for preschoolers with symptoms of depression,
which may limit the generalizability of these findings. Furthermore, we
used bilateral ROIs as specified in a metanalyses by Roy and colleagues
however, these subdivisions are as large as 2.4 mm and therefore there
may be bleed over between amygdala subdivisions. Additionally, the
relationships in the mediation model may be bi-directional as our me
diations were cross-sectional in nature. Multiple waves of imaging data
starting earlier in development are necessary to adequately test direc
tionality. Future studies with such designs and more detailed assess
ments of the correlates of poverty, such as nutrition, microbial
composition, and parental engagement are needed to elucidate the
mechanisms of risk. Regarding TE, as previously mentioned, only twenty
individuals in this sample reported TE. However, recruitment, and
maintenance, of youth with TE is a problem across a host of studies
(Hussey et al., 2006; Kinard, 2001. Furthermore, the use of a dichoto
mous variable for childhood TE may limit the ability to detect differ
ences by type of TE (Iffland and Neuner, 2020). In addition, information
on timing and duration of TE was not collected as part of this project,
and thus differential associations based on chronicity and severity of TE
to emotion regulation outcomes cannot be inferred from this data and
continue to be an important target for research.
5. Conclusions
We believe these findings – that language ability and left anterior
insula extending into the frontal operculum activity, mediate the rela
tionship between poverty and deficits in ER – can inform preventive
interventions for youth facing poverty and suggest that language ability
may be a specific target of early intervention. Language provides a
method to communicate needs and understand the emotional lives of
self and others (Cole et al., 2010). Thus, deficits in language ability in
youth may limit their ability to understand and communicate their
emotional experiences. The potential importance of language-based ER
interventions is underscored by literature highlighting the relationships
between language competence, social competence, and behavior
al/emotional regulation in preschool-aged children (Izard et al., 2016).
This finding, when replicated, would support public policies and pro
grams that enhance language education in youth from impoverished
backgrounds as a means to support effective ER and potentially reduce
negative mental health outcomes.
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